/ 11/16/94 10:31 D ANGELO - 617 443 0004 NO. 732 005 

' . / * 

'\- Japanese Patent Public Disclosure No. 2-190277 (190277/90) 

'.. Date of public Disclosure : July 26. 1990 

Title of the Invention : Safety Device preventing Overturning of 

Mobile Robot 
Application number: 1-10799 (10799/89) 
Filing Date : January 19, 1989 

Inventors: Ginji Naruoka 

Osamu Sotoyama 
Applicant: Toyoda Machine Works, Ltd. 

/ 

Specification 

1. Title of the Invention: 
Safety Device preventing Overturning of Mobile Robot 

2. Claim: 

A safety device preventing overturning of a mobile robot, 
comprising: 

wheels rotatably supported on ends of a pair of support 

plates facing each other; 

drive motors provided for driving said wheels; 
a base connected to the other ends of said support plates; 

and 

a robot provided on said base; 
said safety device being characterized In that, when said 
support plates are inclined more than a predetermined amount 
with respect to a vertical direction, said, support plates 
project from outer diameters of said wheels in wheel movement 
directions and an overturn prevention plate which contacts with 
a floor surface Is provided on said support plates. 
i. Detailed Explanation ot the Inventions 



-1- 



11/16/94 10:32 D ANGELO -» 61? 443 0804 NO. 732 006 

<Industrial Availabi Jity> 

The invention relates to a safety device preventing 
overturning of mobile robot which moves on a pair of wheels 
provided in parallel. 

<Prior Arts> 

There is a conventional mobile robot with wheels rotatably 
supported on one-sided ends of a pair of support plates facing 
each other, a base connected to the other ends of the support 
plates, a drive motor provided for driving the wheels and a 
robot mounted on the base. This mobile robot moves with the 
driving force of a pair of wheels being controlled, and the 
balance of the robot on the base is maintained. The size of the 
robot is very compact, therefore, it is used in a narrow passage 
and in confined areas. 

<Problems to be Solved by the Invention) 

However, in a natural state, an unstable bicycle is 
stabilized by controlling the driving force of the wheels. 
Therefore, in a case where control becomes impossible or in a 
case Wherein an unexpected external force is applied, otability 
is lost. 

<Means of Solving the Problems) 

The present invention is contrived to solve the 
aforementioned problems. In the present invention, when the 
support plates are inclined more than a predetermined amount 
with respect to the vertical direction, tha support plates 
project from the outer diameters of the wheels in the movement 
directions of the wheels. Moreover, the overturn prevention 
plate which contacts the floor surface is provided on the 
support plates. 

<Functibn> 
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When the support plates are inclined more than the 
predetermined amount with respect to the vertical direction, the 
overturn prevention plate projects from the outer diameters of 
the wheels and contacts the floor surface, thereby preventing 
the robot from overturning. 
<Erobodiments> 

The embodiments of the present invention are explained 
below with reference to the drawings. In Fig. 1, Reference 
Numeral 10 denotes wheels which are arranged in a row on a floor 
surface F. The wheels 10 are connected to rotational shafts 11, 
respectively. The rotational shafts 11 are rotatably supported 
on one-sided ends of a pair of the support plates 12. To the 
other ends of the support plates 12, a base 13 is connected. By 
the support plates 12, drive motors 14a, 14b are provided. To 
the drive shafts 15 of the drive motors 14, encoders 9 for 
detecting rotation and bevel gears 16 are connected. The bevel 
gear 16 interlocks a bevel gear 17 which is connected to the 
rotational shaft 11. 

To the support plates 12, a support shaft 18 is rotatably 
provided. With the support shaft 18, a suspended plate 19 which 
extends in a vertical direction is connected to float from the 
floor surface F, The lower end of the suspended plate 19 is a 
free end and always rotates perpendicularly, in a front and a 
rear direction of the suspended plate 19, a stopper member 20 is 
provided between a pair ot the support plates 12 for restricting 
inclination of the suspended plate 19 with respect to the 
support plates 12. To the lower end of the suspended plate 19, 
the overturn prevention plate 21 is connected. The overturn 
prevention plate 21 extends in parallel with the moving 
direction of the wheels 10. The overturn prevention plate 21 is 
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formed to be shorter than the diameter of the wheel 10. On the 
base 13. a rotatable shaft 25 is provided. On the upper end of 
the slue shaft 25, the rear end of a first arm 26 is swingably 
provided. On the tip of the first arm 26, the second arm 27 is 
swingably provided. On the tip of the second arm 27, a wrist 
portion 28 is rotatably formed. To the wrist portion 28, a 
robot hand 30 having a gripping nail 29 is provided. 

The operation of the aforementioned structure is described. 
When the robot receives a movement order, the drive motors 14a, 
14b are driven. The driving force is transmitted to the wheels 
10 through the bevel gears 16, 17." Then, the signal from the 
encoder 9 is received and the difference in the rotation of both 
wheels is controlled, whereby the robot moves back and forth, 
right and left to the position which is instructed. 

After that, the pivot 25 of maneuver, the first and second 
arm 26, 27 and a wrist portion 28 are operated so that the robot 
hand 30 performs the grasp operation. 

In the process of moving the robot, when the robot is 
subjected to an external force or the driving motors 14a, 14b 
are suspended due to service interruption, etc.. so that the 
robot is inclined, the suspended plate 19 is inclined to be 
perpendicular with respect to the support plate 12, and the 
overturn prevention plate 2 V contacts the floor surface. Then, 
the robot is inclined more, the suspended plate 19 is in contact 
with the stopper member to suspend the movement. Therefore, the 
overturn prevention plate 21 contacts -the floor to prevent the 

robot from overturning. 

Next, a second embodiment is explained. Fifl. 3 is «"» 
enlarged view showing the lower end of the eupport plate. Th« 
cylinder 35 ia provided to the lower end portion of the support 
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plate in a direction opposite to the direction which is in 
parallel with the wheels. In the cylinder 35, a piston 36 is 
slidably inserted. On the tip of the piston 36, the pop plate 
37 is mounted. On the rear end thereof, the spring 38 is 
mounted. The spring 38 is functioned to thrust the piston 36 
out of the cylinder 35. The electromagnetic coil 39 is provided 
on the inner periphery o£ the cylinder 35 surrounding the piston 
36. When the electromagnetic coil 39 is excited, the piston 36 
is drawn into the cylinder 35 against the force of the spring 
38. 

Incidentally, Reference Numeral 40 denotes an inclination 
detector which is mounted on the support plate 12. The 
inclination detector 40 comprises an inclination detection plate 
42 which always rotates in a vertical direction with respect to 
the inclination and two gap sensors 41 which are provided at 
intervals on both sides of the detection plate. When any or two 
gap sensors 41 detect the detection plate 42, the excitation lo 
the aforementioned electromagnetic coil 39 is structured lo be 
suspended , 

The operation of the aforementioned structure is explained. 
When the robot is subjected to the external force and the - 
support plate 12 is inclined, the detection plate 42 is inclined 
with respect to the support plate 12, so that the detection 
plate 42 is vertical. Then, it moves in a direction of the 
inclination of the detection plate 42. Accordingly, when the 
gap sensor 41 detects, the excitation of the electromagnetic 
coil 39 is suspended. As a result, the piston 36 is thrust nut 
of tne cylinder 35 by the force of the spring 38. The pop Plate 
37 jumps in a movement direction of the wheels 10 to contact the 
floor surface. The overturn of the robot is prevented. 
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In the aforementioned embodiment, the electromagnetic coil 
39 is used to prevent the piston 36 from jumping out under 
normal conditions. However, it is not limited to the 
aforementioned* The piston may be prevented from jumping out by 
leading a fluid such as air into the cylinder 35. 
<Bffect of the Invention> 

In the invention as mentioned above, the aforementioned 
support plates are provided with the overturn prevention plate 
which projects from the outer diameters of the aforementioned 
wheels in thd movement direction of the wheels to earth on the 
floor surface when the support plates are inclined more than 
predetermined with respect to the vertical direction. 
Therefore, it has an advantage that the overturn prevention 
plate contacts the floor surface to prevent the robot from 
overturning when the support plates and the robot incline at the 
failure of power supply or when an unexpected external force is 
applied. 

4. Brief Explanation of the Drawings: 

The drawings show the embodiment of the invention; Fig. 1 
is a front view of a mobile robot of the first embodiment; Fig. 
2 is a side view; and Fig.. 3 is an enlarged view of a principal 
part of an overturn prevention apparatus of the second 
embodiment. 

10'»»wheel, 12»«-support plate, 13---base, t4a, 14b* «• drive 
motor, 18* ••support shatt, 19* suspended plate, 20* ♦•stopper 
member, 21* overturn prevention plate, 35- •* cylinder , 
36»»*piston, 37*^pop plate, 30*-*Bpring, 

39* • • electromagnetic coil, 40 inclination dstsrtor, 41»**gap 

sensor, 42- detector 
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m) FALL PREVENTING DEVICE FOR SELF-RUNNING TYPE ROBOT 
<1I)M90277 (A) (43) 26X1990 (19) J P 

(21) Appl. No. (22) 19JJ989 

(71) TOYODA MACK WORKS LTD (72) G1NJ1 NARUOKA(l) 
(51) Int CP. B25J5/O0JB62DB/OI 

PURPOSE: To prevent falling of a robot by a method wherein when a support 
plate is inclined at a given angle or more, it fa protrude* from the voter *«* 
of a wheel in the forward and backward direction of a wheel, and a fall 
preventing pine e«nht*l 10 a floor surface is mounted to the support plate. 

CONSTITUTION; When an external force is exerted on a robot in a movement 
process of the robot and the robot is inclined resulting froni the stop ofdnve 
motors 14a and Mb due to outage, a suspension plate » * tehned based on 
support plates 12 so that it is brought into a verbal state, and tW"prevendng 
plate 21 is brought into contact with a floor surface F. VYnen the robot Is fur- 
ther inclined, the suspension plate 19 is brought into contact with a stopper 
member to aop movement of the tobot. Thie constitution forces the fall 
preventing plate 21 to be earthed to the floor surface F to prevent falling of 

the robot. ' 
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Facsimile 
Couer Sheet 


Ref ; Gaoeroa Policies 
and Proe&asreft * 
No. 39 £005 lit* 


■aylH on 


Date 

November 15, 1994 


To 

Bruce Sunstein 


Telephone No. 

426-6464 


Location/Department 


organization 


FflH No. 

M4J-0004 


From 

Donald F. Mofford 


Telephone Ha. 
617-860-3866 
RCN 7-422-3866 


Mail Stop 
1-1 



Raytheon company 

Office of the General Counsel 
141 spring street 
Lexington; MA 02173 



PAX 617-860-3B99 or -2626 
RayCcnWet 422-3899 or -2626 



NOTE: 



If message is not received completely, please call 
Mary Denson at 617-860-3867 or RCN 422-3867. 



Contents: Total Pages Transmitted 



Message: 

Fax ?~ of 3 FAXES. 



}[ including Cover Page. 
94-DFM-295 



Enclosed is a copy of a translation of a Japanese document for your information. I was 
not sure which of these you already had, so PU send them to you again, I sent them as 3 
separate faxes so that there was less chance of the machine jamming* 



Donald F. Mofford 
Patent Attorney 
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